In this paper, WBS-based 
Introduction
In general, a cost estimation system, or construction cost computation, is composed of construction classification system information, resource classification system information, breakdown cost information, and yield statement of construction information [1] . All of this information is used comprehensively to calculate the final construction cost. From this information, the construction classification system is the uppermost information and the most important information. However, the existing cost estimation system requires the person in charge of the cost estimation to classify, input, and analyze the construction information [2] . Such system requires the person in charge to have sufficient knowledge of the related cost estimating system. The process of linking the cost estimation system and the construction classification system modeled as a DB structure is necessary for accurate and systematic construction cost estimation [3] [4] .
In The Korea Institute of Civil Engineering and Building Technology has conducted years of comprehensive research on the construction classification system and proposed a standard construction information classification system. The research classified construction information into 5 classification facets of facility classification, part classification, space classification, work classification, and resource classification [5] [6] .
Kim [7] pointed out that it is difficult to efficiently use the component information if the information on the particular components of a construction site is not categorized in an identical system. In addition, emphasized that a standard classification system is required for information classification in an identical system, and he also supported the necessity to link specifications and statements.
Baek [8] applied the construction information classification system to the construction site information management system in order to unify the vertical management system between the employer, builder, and subcontractor to enable the reuse of information.
Kang [9] composed and proposed an integrated code for specifications as a way to integrate the standard method of measurement and specification item codes from construction standard specifications. The proposed integrated code was applied to the representative items of standard specifications to verify the possibility of the composition of an integrated code based on the standard method of measurement.
Various research has been conducted on the construction information classification system. However, no research has been done on the work cost estimation using the information classification system. This paper newly classified WBS-based cl all construction information for apartment houses based on WBS, and represented it in a relational DB structure to implement the automation of the cost estimation system. Such WBS-based work information classification system and DB modeling resolve the inconvenience of the existing cost estimation systems, which require the establishment of basic materials related to cost estimation by hand. These systems could be widely used in the cost estimation system of apartment house construction sites.
WBS-based Hierarchical Classification of all Construction Information for Apartment House
Construction refers to a work on a vertically extended structure. 3~4 buildings are built simultaneously in each construction zone, and each building is constructed in the order of foundation, framework, and finishing in apartment house construction. In addition, the construction processes of unit price items such as the foundation, framework, and finishing are differentiated according to the materials and processes used. Therefore, a apartment house structure could be classified into a construction zone component, a building component, a work component, and a work item component. The four types of classifications could be hierarchically integrated to systemize the work information classification of an apartment house
WBS-based Work Information Classification System Structure

Fig 1 show the WBS-based hierarchical construction information classification of an apartment house
Figure 1 WBS-based Hierarchical Construction Information Classification
Construction zone which is level 1 is the highest level and classified into several construction zone and core works according to work cost. Building classification is second high level and classified in terms of building 1, building 2, and so forth and common necessary work in each building. Work classification is third high level and means work packages such as temporary work, reinforced concrete work which are accomplished in a building of level 2. Level 4 which is work item classification consists of unit price items executed after above work packages on the construction sites and the lowest level . The lowest unit of the work classification system, work item classification, is related to the estimate code from the estimate system for its use in the construction cost estimation of an apartment house.
Detailed Structure of Work Information Classification System by Level
This section describes the structure of the work information classification system presented in the previous section as a relational database. Instead of using a hierarchical structure, a relational database expresses data in the form of a simple table, and the items in the rows and columns of the table could be accessed freely. Therefore, a user could freely split or combine the 「table, which is also advantageous because the additions and alterations to the table are also free from other influences.
In order to model the components of each level constituting the WBS-based work information classification system, as shown in Fig 2, in the form of a relational database, the components should be executed and managed as independent components. It is also advisable to designate a systematic code number for each component.
Figure 2. Detailed Construction Information by Level
(1) LEVEL 1 Construction zone classification -the highest level Construction zone classification is the upper most level in the classification system constituted as an apartment house, and it is composed of two fields: ACODE and DES.
The CODE field represents the sequence number of each construction zone, and DES represents detailed contents. However, the code number and number for each construction zone were composed to be identical to each other. Work item classification refers to the work conducted on the construction sites and it is comprised of 52 types of work. Work item classification is structuralized in DCODE and DES fields. The floor frameworks of the 3rd ~ 25th floors are represented as DCODE 13. Work item classification is further classified into unit price items based on work packages, and the unit price items are structuralized as ECODE and DES. For example, the floor frameworks of the 3rd ~ 25th floors are represented as work item classification 13 and only the floor framework of the 3rd floor will be represented as unit price item 13.10 3rd floor floor-framework. It will be further classified into 13.11 wall rebar installation, 13.12 wall form installation, 13.13 slab form installation, 13.14 slab rebar installation, 13.15 concrete pouring, and 13.16 curing, which are the unit price items of 13.10 3rd floor floor-framework. Other work item classification components could be classified in the similar manner. 
Relational Database Modeling of WBS-based Construction Information
Relational Data Model
The relational model for database management is a database model based on first-order predicate logic, first formulated and proposed in 1969 by Edgar F. Codd. In the relational model of a database, all data is represented in terms of tuples, grouped into relations. A database organized in terms of the relational model is a relational database. In the relational model, related records are linked together with a "key". The purpose of the relational model is to provide a declarative method for specifying data and queries: users directly state what information the database contains and what information they want from it, and let the database management system software take care of describing data structures for storing the data and retrieval procedures for answering queries [10] .
The basic relational building block is the domain or data type, usually abbreviated nowadays to type. A tuple is an ordered set of attribute values. An attribute is an ordered pair of attribute name and type name. An attribute value is a specific valid value for the type of the attribute. This can be either a scalar value or a more complex type. A relation consists of a heading and a body. A heading is a set of attributes. A body (of an n-ary relation) is a set of n-tuples. The heading of the relation is also the heading of each of its tuples. A relation is defined as a set of n-tuples. In both mathematics and the relational database model, a set is an unordered collection of unique, non-duplicated items, although some DBMSs impose an order to their data. In mathematics, a tuple has an order, and allows for duplication. E.F. Codd originally defined tuples using this mathematical definition. Later, it was one of E.F. Codd's great insights that using attribute names instead of an ordering would be so much more convenient (in general) in a computer language based on relations[citation needed]. This insight is still being used today. Though the concept has changed, the name "tuple" has not. An immediate and important consequence of this distinguishing feature is that in the relational model the Cartesian product becomes commutative [11]. In this section, example of relational database modeling for the hierarchical construction information in figure 2 is shown. Table 1 ~ Table 7 represent the DB structure shown in Fig. 2 as a relational database. Table 1 show that ACODE 2, a construction zone classification, is linked to BCODE 3, a building classification. BCODE 3, a building classification, in Table 2 is linked to CCODE 04, a work classification. Table 3 shows that CCODE 04, a work classification, is linked to DCODE 13, a work item classification. Table 4 shows the link between DCODE 13, a work item classification, and ECODE 13.10, a unit price item. 
Relational database modeling of WBS-based construction information
Conclusion
In this paper, WBS-based hierarchical classification and its DB modeling structure of all construction information for apartment house are proposed. The proposed WBS-based construction information classification system divide all construction information of apartment house into 4 hierarchical levels that are construction zone classification, building classification, work classification, and work item classification. These hierarchical construction information are DB modeled using a relational data model. The computer aided processing of the construction management by this DB modeling of the construction information is possible. The proposed WBS-based hierarchical classification and its DB modeling structure will be applicable to an effective and scientific cost estimation system. This paper newly classified WBS-based cl all construction information for apartment houses based on WBS, and represented it in a relational DB structure to implement the automation of the cost estimation system. Such WBS-based work information classification system and DB modeling resolve the inconvenience of the existing cost estimation systems, which require the establishment of basic materials related to cost estimation by hand. These systems could be widely used in the cost estimation system of apartment house construction sites.
